SUMMARY A standardized test of cardiovascular health knowledge was administered to 1367 students, ages 12-18 years, and 562 adults, ages 20-60 years. Mean scores were: ages 12-14 years, 42.5 ± 0.7% (SEM); [15] [16][17] [18] ' The test results from 518 of these students who were given the items used in the final form are described in this report. In cooperation with the Iowa Test of Educational Development, a similar nationwide standardized testing program for high school students, the ICVHT was later administered to 849 Iowa students in grades 9-12.
make intelligent decisions regarding his/her health?"
In response to this question, 44 concepts were identified and instructional objectives were written for each conceptual area. Experts in the field of cardiovascular disease and continuing medical education were then asked to rank from the list the 35 most relevant objectives. These objectives reflect the major content areas of anatomy, physiology, pathology, specific disease entities (including atherosclerotic, hypertensive, rheumatic and congenital heart disease), commonly used diagnostic procedures, and concepts of disease prevention. One multiple choice question based on each objective became the foundation for the Iowa Cardiovascular Health Knowledge Test (ICVHT).4
Five test forms were originally created. For subsequent uses, however, the one item most adequately reflecting the objective was selected for inclusion in the final test form. If two or more items equally reflected the objectives, psychometric criteria determined selection. All data in this report refer only to subjects given identical test items. A retrospective analysis showed that there were 14 questions on anatomy and physiology, 12 on pathophysiology, five on diagnostic tests and four on risk factors. All questions were written in the vocabulary of sixth grade students. A more complete discussion of the ICVHT and one of the original test forms have been published.4
Test Administration
The five original forms of the ICVHT were first administered experimentally in conjunction with the standardized Iowa Test of Basic Skills (ITBS) to a stratified sample of 2675 Iowa students. The ITBS is a nationwide standardized testing program sponsored by the College of Education of the University of Iowa. ' The test results from 518 of these students who were given the items used in the final form are described in this report. In cooperation with the Iowa Test of Educational Development, a similar nationwide standardized testing program for high school students, the ICVHT was later administered to 849 Iowa students in grades 9-12. 
Results

General Cardiovascular Health Knowledge Levels
The general performance of students in grades [6] [7] [8] [9] [10] [11] [12] on the ICVHT is shown in figure 1 . We postulated that the cultural and educational milieu would act to increase health knowledge even in the absence of formal instruction. We also presumed that various age groups might perform differently, according to the intensity of the stimulus for increasing health knowledge prevalent in the subgroup of the population at that time. Not all of these assumptions, however, were supported by our study.
We designed the ICVHT with the concept that a perfect score would reflect a minimally acceptable level of cardiovascular health knowledge. Because scores on any examination exhibit some variability due to errors of measurement and changing intrinsic factors affecting performance, a 90% score was considered acceptable. None of the population groups achieved this knowledge level. Although specific criteria for a minimally acceptable knowledge level might vary with different observers, this approach was useful for comparing different population groups.
To our knowledge, there are no comparable studies evaluating health knowledge on specific health topics using a standardized test given to a wide spectrum of ages. Evaluation of knowledge of specific health areas even among school children is also rare.7 Louria et al.g described the results of a general health knowledge questionnaire given to students in grades 9-12 in a Newark high school; "poor results" were obtained in five of seven questions pertaining to cardiovascular disease. In a previous study of the efficacy of the cardiovascular unit of the School Health Curriculum (Berkeley) Project using the ICVHT, we found that sixth grade students receiving this specialized instruction scored only slightly better than matched control schools.7 1112 CI RCU LATION CARDIOVASCULAR HEALTH KNOWLEDGE/White and Albanese
Effects of Age and Education
General cardiovascular health knowledge progresses linearly from grades 6-12. Although children in Iowa's primary and secondary schools receive some formalized health education, specific instruction regarding cardiovascular health practices and disease problems is uncommon.7 The finding that students in grades 6-8 can correctly answer an average of only 41 % of the items on a mastery level test is not reassuring, especially because Iowa has a relatively affluent population and few areas of low socioeconomic class and because lifelong behavior patterns develop at a young age.9 Although health knowledge increases gradually during the junior high and high school years, the observation that Iowa high school seniors can answer an average of 50% of the questions correctly is also disappointing.
Overall levels of cardiovascular health knowledge continue to increase in young adults after completion of formal schooling. The adults answered an average of 68% of the ICVHT questions correctly. At about age 40 years, however, the linear increase in knowledge that began at age 12 years appears to cease, even though the prevalence of cardiovascular disease increases rapidly in adults older than 40 years of age. In 1977, cardiovascular diseases were responsible for 16.6% of the deaths of Iowa adults ages 25-44 years. For adults ages 45-54 years, the prevalence of cardiovascular-related deaths had increased to 32.8%. 10 The explanation for the plateau in the cardiovascular health knowledge of adults at a time of increasing cardiovascular disease mortality is unclear. It does not appear to be an artifact of test construction or administration, for no ceiling effect was observed and scores as high as 97% were obtained. Although the relationship of age to cognitive function is complex, tests of general knowledge reveal that the performance of adults is best in persons of middle age, while scores of older adults (70-79 years) differ little from those of younger adults (20-29 years).11 These findings contrast with studies on "school-learned skills," in which a generally decreasing age-related performance occurs. ' 1 Changes in cognitive function in adults appear to be related primarily to interest or experience. Our findings show that the increasing prevalence of cardiovascular disease in the older adult population does not stimulate an increased knowledge of cardiovascular disease in this age group.
In both groups of adults, the level of education and performance on the ICVHT were clearly related. Even in the more highly educated adults, knowledge did not increase during middle age. The inverse relationship between the educational achievements of adults and levels of cardiovascular health knowledge, though perhaps intuitively expected, has highly significant implications. The educational status of adults has recently been found to be an independent cardiovascular risk factor. Weinblatt and co-workers12 reported a threefold differential in the risk of sudden coronary death between patients of different educational levels who had complex ventricular premature complexes during 1 hour of baseline monitoring. Dyer et al. ' 3 noted an inverse relationship between education and high blood pressure in whites that could not be accounted for by differences in age, weight and heart rate. Thus, adults who have less education are at higher cardiovascular risk. This increased risk may, in part, be caused by ignorance of factors contributing to that risk, and poor understanding of disease and therapy.
What is the meaning of the poor examination performance in the general population? Although one might argue that it is merely a reflection of unrealistically high standards set by the test designers, the relatively high levels of achievement by the college graduates are evidence against this logic. Also, the continuing high death rate from cardiovascular disease supports the argument that current educational standards are too low.
Knowledge of Specific Cardiovascular Subtopics
When the ICVHT was subdivided into questions relating to four specific areas of cardiovascular health knowledge, interesting results were obtained. All age levels had greatest understanding of questions regarding cardiovascular diagnostic tests. This may reflect a greater exposure to this topic area through television and other popular mass media. Knowledge of pathophysiology and normal physiology was low. Although the absolute scores achieved on each subtopic varied, similar relative rankings were observed for all age groups.
The ICVHT, however, was not composed of four equally weighted subscales. Specific content objectives were determined and test items were then composed to assess each objective. Only retrospectively were general topical similarities observed and subtopic relationships assessed. The marked differences in numbers of test questions from each area probably reflect differences in complexity and scope among the areas as judged by the test's authors. Nonetheless, there is an interesting generally inverse relationship between the numbers of questions per topic area and the percentage of correct answers for all groups. This inverse relationship has two important implications. First, a disproportionate number of items from more difficult subscales may explain, in part, the generally poor test performance seen. Second, assuming that subjects are likely to know more about topics they consider important, this inverse relationship may reflect differences in the perception of the importance of knowledge of certain topic areas between the medical educators who constructed the test and all ages of the population. The test's authors assumed that a general understanding of normal cardiovascular functioning and how such functioning is altered by disease are important for establishing good preventive health behaviors. Whether knowledge of specific health-related "do's and don'ts" in the absence of an understanding of the reasons for such admonitions is a sufficient educational goal is an important question. Are there specific segments of the general adult population that might be expected to have higher levels of cardiovascular health knowledge? One might assume that subjects known to be at higher risk of developing cardiovascular disease might be stimulated to increase their knowledge of this subject. The healthbelief model, proposed to explain variations in health behavior, postulates that changes in health behavior are related to a person's perception of susceptibility to a disease and the severity of that disease.14 Adults with a personal or family history of heart disease, however, did not score significantly higher than those who did not. Likewise, there were no significant increases in the overall levels of cardiovascular health knowledge in that segment of the population who had been told they had an elevated serum cholesterol level.
Similar lack of educational stimulation from an "at-risk" behavior was also found when specific subtopic areas were analyzed. Baricl' regards the perceived state of health as a major factor in defining the effectiveness of health education efforts. In our study, however, adults at higher risk of developing heart disease had no greater knowledge of items related to atherosclerosis or to risk factors of cardiovascular disease than adults at lesser risk.
Sources of Health Knowledge
Most adults reported that their major source of health knowledge was from television and the popular press (table 3). This might be expected, given the popularity of medically related television programs. Although only 18.6% believed that most of their health knowledge had come from schooling, the correlation between educational achievement and ICVHT score suggests that schools and colleges could serve as a major source of health knowledge even for those in non-health-related occupations. The finding that only a small percentage of adults listed physicians or the American Heart Association as their major source of cardiovascular health knowledge is cause for concern. The ratings of physicians may reflect the fact that the educational activities of physicians have traditionally been directed at the sick rather than at preventive public health education. The American Heart Association, however, ranks public health education as a major goal.1' Although much of this activity may be occurring via the mass media, and the public's perception may unknowingly reflect the American Heart Association's effort, our findings suggest that the population does not credit the American Heart Association as a major source of cardiovascular health knowledge.
Implications
The results of this study show a need for improvement in cardiovascular health education for both children and adults. New 
